The impact of a payer-provided telephone-based chronic disease management program on medical expenditures was evaluated using claims data from 126,245 members in employer self-ensured health plans (16,224 with a chronic disease in a group enrolled in the self-management program, 13,509 with a chronic disease in a group not participating in the program). A random effects regression model controlling for retrospective risk, age, sex, and diagnosis with a chronic disease was used to determine the impact of program participation on market-adjusted health care expenditures. Further confirmation of results was obtained by an ordinary least squares model comparing market-and risk-adjusted costs to the length of participation in the program. Participation in the program is associated with an average annual savings of $1157.91 per enrolled member in health care expenditures. Savings increase with the length of participation in the program. The results support the use of telephone-based patient self-management of chronic disease as a cost-effective means to reduce health care expenditures in the working-age population. (Population Health Management 2016;19:156-162) 
Introduction

C
hronic disease imposes significant challenges for the US health system. It is estimated that almost half of Americans experience a chronic disease, 1 in 4 suffers from multiple chronic conditions, and the costs of chronic disease, estimated using data from the 2006 Medical Expenditure Panel Survey, account for nearly 84% of US health care expenditures. 1 Managing such conditions in order to minimize the cost and maximize patient quality of life is therefore a critical issue in health care. Because care for such diseases is a day-to-day, ongoing process that essentially consists of lifestyle changes, much of this management necessarily consists of selfmanagement, with patients as their own primary care provider and traditional care providers functioning as consultants, rather than directors and active participants, in managing the disease. 2 Numerous programs have been created by health care providers, health agencies, and the payer community to try to educate and support patients in effective self-management of their condition. 3 In contrast to traditional patient education, such efforts focus less on technical skills and diseasespecific information and more on problem solving and social coping mechanisms in order to develop greater self-efficacy in the area of care management. 2, [4] [5] [6] This approach has been found to be more effective in producing behavior change and improved disease control than the traditional approach. 7, 8 Techniques such as coaching and motivational interviewing are a known body of work. 9 Increased patient activation and engagement has been associated with improved outcomes and reduced costs. 10 The question remains open, however, as to whether such a program can actually reduce the economic burden of increased health care expenditures for patients with a chronic condition. The evidence base is somewhat limited as few studies of disease management programs have looked at the impact on health care expenditures. 11 Of studies that do, few effectively describe program elements well enough to determine which elements have an impact on cost. 12 Although it is often assumed that preventive services reduce net health care expenditures, that assumption is not always valid. 13 In general, studies that have looked at the impact of disease management programs on costs have found evidence that the programs reduce health care utilization, but not necessarily costs. For example, Fireman et al, studying a provider-based program operated by the Permanente Medical Group of Northern California, found that the program 1 American Health Data Institute, Indianapolis, Indiana.
increased the use of underutilized care and improved physiological indicators of health, but did not result in overall savings because of the high cost of the disease management program, which included not just coaching components but significant efforts to change primary care delivery. 14 In contrast, others have found that such programs can reduce health care utilization. Lorig et al estimated annual savings in 2001 of between $320 and $590 for a peer-led group self-management program operated by Stanford University. 15 A similar study of a peer-led group diabetes management program operated by the University of Michigan found savings in hospital costs, but did not look at the broader impact on medical expenditures. 16 Likewise, Hibbard et al found that a program assessing patient self-management skills and tailoring coaching support to those skills reduced hospital and emergency room (ER) utilization, but with no assessment of overall savings, in a program operated by LifeMasters (LifeMasters Supported SelfCare, Irvine, CA) that focused on members with diabetes, chronic obstructive pulmonary disease, congestive heart failure, asthma, and coronary artery disease. 17 Villagra and Ahmed, evaluating a diabetes management program involving phone and Internet support coupled with remote monitoring, found health care expenditures reductions of $137/ month. 18 Little data, aside from that provided by the Hibbard and Villagra studies, exist on the impact of telephone-based self-management programs on health care expenditures. The current study proposes to increase the evidence base regarding the economic effect of telephone-based self-management programs by examining data on one such program.
Methods
Program description
The American Health Data Institute (AHDI) created its chronic disease management program, the Healthcare Navigator, in 2002. The objective of the Healthcare Navigator program is to help client companies reduce their health care costs by improving both self-care and the receipt of appropriate preventive care from formal health care providers, and is a part of an integrated approach to managing health care utilization. [19] [20] [21] The program is insurer based and is offered as a contract component primarily to self-insured employers through their third-party administrator, but also through some co-op plans created as a result of the Patient Protection and Affordable Care Act. The program uses medical claims to identify individuals who are at risk because of a chronic condition, provides access to a Healthcare Navigator nurse for education and guidance for these patients, and identifies the subset of those individuals who have not met guidelinebased minimum health care standards for their conditions.
The program initially used nurses to provide technical information on the patient's chronic condition and to educate patients on guideline-based minimum health care requirements through written and phone contact. This training is considered crucial to ensure that case managers have appropriate psychosocial skills to support behavioral change in patients. 22 Early in the program's development, AHDI implemented an internally developed computer application to assist with this effort. A significant change in focus to support behavioral change through motivational interviewing occurred in 2008. Currently, each member of the nursing staff receives training in motivational interviewing before beginning to work with participating program members, with periodic ongoing training conducted to further develop their skills.
Identification of patients with a chronic illness is the first step in the process. This is accomplished by either reviewing claims data or the health risk assessments completed by the patient to identify members who have 1 or more of 24 conditions addressed by the program (Table 1) . Patients identified as having a chronic condition are then reviewed, primarily using claims information to determine if there is documentation to support that at least the minimal guidelinerecommended care to monitor the condition has been received. These are intended as a floor rather than a ceiling on tertiary preventative care. Individuals who are identified to have 1 or more chronic illnesses are targeted to receive communication regarding suggested care for their illness. For individuals identified as not receiving minimal care, follow-up reminders to the patient are undertaken.
In terms of coaching and education, the program begins by discussing with members what they know about their diagnoses and the needed follow-up and treatment. The nurse then coaches patients using a collaborative approach to encourage them to think about and work on lifestyle choices to improve their health with the intent of helping the patients prevent or minimize complications from their chronic illnesses. Nurses explore members' acceptance of the diagnosis, values related to health, their perceived self-efficacy, and perceived barriers to managing self-care and the disease. The interviews are used to help members identify ways to manage their condition and improve their ability to do so. These efforts are intended to not only reduce or prevent future out-of-pocket expenses 
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related to health care costs from added medications and inpatient hospital stays, but also to improve the quality of life for those who may need the greatest helping hand.
Data
Data were collected on 126,245 members from databases maintained by AHDI of claim and disease management information generated from members of health plans managed by Key Benefit Administrators and other client thirdparty health plan administrators. Eligible subjects had to have continuous enrollment in health plans from January 1, 2013, through November 30, 2014. Data on age and sex were collected from member information tables. Member zip codes were used to assign members to a Dartmouth Atlas Hospital Referral Region (HRR) using the 2012 zip code crosswalk (http://www.dartmouthatlas.org/downloads/ geography/ZipHsaHrr12.xls), with 2 indicator regions for unmatched zip codes in the United States and postal codes in Canada. Members were located in 297 HRRs plus the 2 indicator groups.
Within the larger data set, members of health plans with a subscription to the chronic disease management program were identified as having a potential chronic disease if they had been identified through program screening software as having a claim at any time prior to the start of the analytical period with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code indicating a program-relevant chronic condition that was subsequently verified by program staff. In groups without a subscription, members were identified as having a potential chronic condition if they had a claim at any time prior to the start of the analytical period with an ICD-9-CM diagnosis code indicating a program-relevant chronic condition. Each member's disease status was represented by an indicator for having been identified under program criteria as having a chronic disease and a second indicator variable for having a chronic disease and enrollment in a group subscribing to the program. For the purposes of this study, the program criteria for identifying members is used to assemble the data set for subjects enrolled in both subscribing and non-subscribing health plans, which eliminates a potential confounding issue in the analysis by ensuring consistency between the participant and nonparticipant reference set in the definition of members with a chronic condition. Studies using nonparticipants as a control group risk effects from confounding if participation is voluntary, as subject motivation can be related to both participation and self-management of the disease. Because enrollment in the program is a decision of the health plan, not the member, and the participation variable is based on intent to treat as evidenced by enrollment rather than an individual subject's decision to participate, the participation variable decouples participant motivation from assignment to the treatment or comparison group. This eliminates this particular problem. 27 Allowed charges were aggregated by member for services used between January 1, 2013, and December 31, 2013. Allowed charges did not include pharmacy claims, as those data were not available for all third-party plans enrolled in the chronic disease management program. For each Dartmouth HRR, a price index was calculated by dividing the average allowed charges for members in the market without a chronic condition by the overall average for members without a chronic condition. Allowed charges were adjusted for market price differences by dividing each member's allowed charges by the index. Table 2 displays the adjustments for the 15 HRRs with the most subjects.
The Retrospective Episode Risk Grouping (RERG) value was generated by the Ingenix Symmetry Episode Risk Groups 7.5 software (Optum, Inc., Eden Prairie, MN) using claims for the time period of November 1, 2013, through October 31, 2014. The RERG is generated by grouping claims into treatment groups, which are aggregated into risk groups of similar clinical and risk characteristics. A risk score is calculated using predetermined weights for the member's profile of risk groups. Because member age and sex are not included in the RERG, they are included as separate covariates for risk adjustment in the econometric model.
This study was internally reviewed and determined to be exempt under the common rule as it involved the ''collection of existing data . if the information is recorded by the investigator in such a manner that subjects cannot be identified.'' 23 A description of the sample can be found in Table 3 .
Econometric analysis
Cost savings were estimated by a random effects regression model using the general net economic benefits framework described by Hock et al. 24 To get an efficient estimation of treatment effects, a random effects least squares model was used based on the assumption that the variation in individual expenditures within markets was uncorrelated with other predictor variables. The estimation model took the basic form of:
Where X n represents the matrix of subject sex, age, existence of a chronic disease in a subject, and retrospective episode risk, U i the error term related to market-level (Dartmouth Atlas HRR) effects, and W ij the error of the individual member within the market. T is an indicator The analysis was conducted on an intent-to-treat basis, with all members identified with a chronic disease in a member group that subscribed to the disease management program considered to be enrolled in the program, regardless of continuing participation. It has been suggested that evaluations of disease management programs are sensitive to selection bias because of preferential enrollment of subjects who have greater motivation. [25] [26] [27] By using health plan, rather than member, enrollment in an intent-to-treat model, this study decouples the role of motivation in defining participant and nonparticipant subjects.
After estimation, expected values of health care expenditures were calculated for members enrolled in the program under both the assumptions of participation (T = 1) and nonparticipation (T = 0). These values were used to calculate the average expected difference in charges after risk adjustment.
Finally, the impact of length of participation in the program is calculated by looking at the deviations from expected costs versus time. A base value for calculating risk-adjusted expected expenditures was calculated by totaling the values of market-adjusted expenditures and dividing by the total RERG values for all members. This was then multiplied by the individual RERG to create a risk-and market-adjusted estimate of the expected health care expenditure for the member. The deviation from the expected value was calculated by subtracting actual market-adjusted expenditures from the expected expenditures. The mean value for this difference is plotted against years of participation for program participants and is shown in Figure 1 . A generalized least squares random effects model of the form
was fitted to this data.
Results
Small differences are seen in the distribution of diseases between the members with chronic diseases in groups participating and not participating in the Healthcare Navigator program, notably in terms of those with depression, hyperlipidemia, asthma, diabetes, and hypertension (Table  3 ). In part this is related to differences between participating and nonparticipating groups in how members with chronic diseases were identified. Because of more stringent screening in the participating groups, it would be expected that fewer subjects in the program participating groups would be incorrectly identified as having a chronic disease. The net result is that the program participants have slightly higher RERG scores, which should indicate that the average health care expenditures are higher in this sample than in those from groups not participating in the program. In fact, unadjusted average health care expenditures are actually lower for subjects in participating groups than in nonparticipating groups, indicating that participation in the Healthcare Navigator program does reduce health care expenditures.
The results from the regression model provide further evidence for this conclusion (Table 4) . Group participation in the chronic disease management program results in an average reduction in risk-adjusted health care expenditures of $1157.91 for members with a chronic disease, adjusting for age, sex, and RERG. This represents an estimated average savings of 15.39% +/-13.09% at the 95% confidence interval for members in groups participating in the Healthcare Navigator Program. Effectively, this reduces the average excess health care expenditure for members with a chronic disease by at least 75% ($1157.91/$1530.78).
These savings appear to increase with respect to longer participation in the program (Fig. 1 ). The regression model (Table 5) indicates that the average reduction in expected costs related to tenure in the program is small ($67.10/year of tenure) but not statistically significant at the 95% confidence interval. The temporal increase in reduced costs provides weak but consistent support for the hypothesis that participation plays a causal role in reducing health care expenditures.
The caveat regarding these results is that it does not include health care expenditures for pharmaceuticals, which may be sizable for some conditions.
Discussion
These results provide support for the belief that a telephone-based management program for members with a chronic disease, using motivational interviewing techniques to help patients develop the skills for disease self-management, can result in important health care savings for members in participating groups. The results are similar to those observed by Hibbard 16 and Villagra 18 for telephone-delivered programs Although not examining pharmaceutical expenditures, these results are more robust in examining the overall impact of the disease management program on medical expenditures than previous studies. In their studies Hibbard and Lorig focused on the count of hospitalizations, ER, and physician visits as outcome measures and estimate cost impact from those counts. 15 , 16 Wheeler's study considered only hospital and ER utilization. 17 In contrast, the current study takes a broader approach to evaluating the impact on expenditures. Fireman's study also takes a broad approach and also finds a significant reduction in health care expenditures relative to control populations, but examines a more comprehensive and costly program in which the effects of the coaching component are not separated from those of provider practice interventions.
14 By looking only at a coaching intervention, the current study provides evidence of the potential cost savings of a purely patient-oriented disease management coaching approach. Beyond those factors, the evidence that duration of participation in the program is related to savings, although weak, is not present in any of the aforementioned studies, but does show a relationship between the magnitude of exposure to the program and the level of savings, which increases the strength of evidence confirming that disease management programs do reduce the level of health care expenditures in the population of members with chronic diseases.
The finding that a telephone-delivered program results in a reduction in expenditures is significant because such a program, unlike one that relies on face-to-face participation in a small group setting, has lower transaction costs to the patient. The patient receives the coaching services in the home, and contacts can be tailored to his or her schedule. Although a comparison of actual uptake rates of participation between in-person and telephone-delivered programs is beyond the scope of this study, the findings of a significant reduction in health care expenditures for a telephone-delivered program suggests the potential for at least the same, if not greater, impact on population-level expenditures from the use of the telephone-based delivery mechanism.
It should be noted that the savings observed are average savings per member of a group participating in the disease management program, not just members with the chronic condition. This does not appear to be a selection effect arising from differentials in risk between participating and nonparticipating groups, as the models adjust for risk and, as seen in the description of the data, the average member in participating groups is at a slightly higher risk for higher expenditures than counterparts in nonparticipating groups. Because the intervention targets members identified by program criteria as having a chronic disease, and evidence on the trend of the length of time for individual participation versus health care expenditures provides some confirming evidence that participation lowers cost, the evaluation supports a belief that the management program has a positive impact on lowering health care expenditures for the targeted population with chronic diseases.
Given the large effect that chronic disease has on health care utilization and expenditures, the growing evidence that these programs can reduce the level of utilization for patients with chronic diseases suggests that efforts to improve self-management can have a significant impact on global health care expenditures if delivered efficiently. The present work suggests that a telephone-based coaching effort is one such mechanism that can be effectively integrated into a benefits package to help control health care costs.
